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Abstract 

We study the implications on flavor changing neutral current and CP vi- 
olating processes in the context of supersymmetric theories without a new 
flavor structure (flavor blind supersymmetry) . The low energy parameters are 
determined by the running of the soft breaking terms from the grand unified 
scale with SUSY phases consistent with the EDM constraints. We find that 
the CP asymmetry in 6 — > 57 can reach large values potentially measurable 
at B factories, especially in the low BR{b 57) region. We perform a fit 
of the unitarity triangle including all the relevant observables. In this case, 
no sizeable deviations from the SM expectations are found. Finally we ana- 
lyze the SUSY contributions to the anomalous magnetic moment of the muon 
pointing out its impact on the 6 — > 57 CP asymmetry and on the SUSY 
spectrum including chargino and stop masses. 
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I. INTRODUCTION 



The Standard Model (SM) of electroweak and strong interactions has been extremely suc- 
cessful in the description of all known high energy phenomena up to energies of (9(100 GeV). 
Still, this impressive theoretical construction is not complete if only because it does not 
account for gravitational interactions. Moreover, several theoretical questions remain unan- 
swered and some cosmological observations can not be properly accommodated. 

From the point of view of theory, the SM includes three independent gauge coupling 
constants that in a more complete framework would be expected to emerge from a single 
unified parameter. In turn, this requirement causes the so-called gauge hierarchy problem: 
scalar masses are not protected by any symmetry against radiative corrections that tend to 
be of the order of the highest scale present in the theory. In a grand unified scenario, this 
scale is usually close to the Plank scale; therefore, a great amount of fine tuning is necessary 
to keep the Higgs mass close to the electroweak scale. Furthermore, in the SM picture, several 
cosmological observations seem difficult to account for. In first place, a suitable candidate 
to reproduce the required dark matter content of the universe is not provided; moreover, 
the tiny CP violation present in the Cabibbo-Kobayashi-Maskawa (CKM) matrix does 
not succeed to generate the necessary baryon-antibaryon asymmetry. Finally in the SM 
framework is not possible to include an infiationary stage at the early universe. 

Low energy supersymmetry (SUSY) is the most promising extension of the SM where 
all these problems can be successfully solved. Indeed it stabilizes the gauge hierarchies and 
successfully unifies the gauge couplings with remarkably high accuracy. It includes many 
possible dark matter candidates and it can naturally account for infiation as well. Moreover, 
the many additional phases present in any SUSY model can generate the required baryon 
asymmetry. Not to mention that any fundamental theory including gravity almost necessarily 
contains SUSY as well (although the scale of SUSY breaking is not forced to be of the order 
of the electroweak scale). 

For all these reasons, SUSY is one of the most attractive theories beyond the SM. The 
so-called Minimal Supersymmetric SM (MSSM) is obtained adding to the SM spectrum the 
smallest number of new fields consistent with SUSY. This recipe does not unambiguously de- 
fine a single supersymmetric theory. In fact, to specify completely the theory, it is necessary 
to fix the soft breaking terms: this amounts to 124 parameters at the electroweak scale (luck- 
ily enough, most of this enormous parameter space is already ruled out by phenomenological 
constraints). 

In this paper, we focus on a certain class of SUSY extensions that we call flavor blind 
MSSM. With this term we refer to a model where the soft breaking terms at the grand 
unification (GUT) scale do not introduce any new flavor structure beyond the usual Yukawa 
matrices. These matrices are already present in the superpotential and are necessary to 
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reproduce correctly the fermion masses and mixing angles. In this restricted class of models, 
the number of parameters is largely reduced and it is therefore possible to perform a complete 
phenomenological analysis. Indeed, many features of such models are shared by most MSSMs. 
In particular the spectrum and the flavor conserving processes are not expected to be strongly 
influenced by extra flavor structures. 

The experimental search for SUSY proceeds through two main lines. The main path to 
establish the existence of low energy SUSY is the direct search of SUSY particles at present 
and future colliders with high enough energy. In addition to these direct searches it is nec- 
essary to perform also the so-called "indirect searches" of SUSY particles by measuring 
suitable observables with high precision at lower energies. Virtual SUSY particle contribu- 
tions appear in the quantum corrections to characteristic observables and may be traced out 
if the experimental and theoretical precisions are sufficient. These indirect searches of SUSY 
is particularly important as long as the collider energies are not, presently, high enough to 
directly produce the SUSY particles. 

There are two prominent classes of observables which are especially well suited for probing 
virtual SUSY particles. These are observables sensitive to CP violation and observables 
involving flavor changing neutral currents (FCNC). In the context of indirect SUSY searches, 
the most interesting CP violating observables are those where the SM predictions turn out 
to be very small. Similarly, the study of FCNC within SUSY is motivated by the absence of 
SM tree level contributions; therefore, one-loop SUSY contributions may be large enough 
to give sizeable deviations. 

The electric dipole moments (EDMs) of electron and neutron are well-known examples of 
flavor conserving observables sensitive to CP violation. The SM predictions for these quan- 
tities are extremely small, because the first nonvanishing contributions arise at higher-loop 
level. These predictions are several orders of magnitude below the experimental limits. The 
SUSY contributions arise already at one-loop level and can be close to the experimental 
upper bounds. Therefore, the electron and neutron EDMs are well suited to yield important 
information about SUSY models and can considerably restrict the allowed parameter re- 
gions. However, in the calculation of the electron and neutron EDMs it turns out that large 
cancellations between the different SUSY contributions can occur. This peculiarity has to 
be taken into account when deriving bounds on the SUSY parameters and phases in specific 
models. The allowed SUSY parameter space, especially the phases, can be much larger due 
to these cancellations. 

An important example of an observable involving FCNC is the branching ratio of the 
rare 6-quark decay h 57. The SM prediction at one-loop level for the branching ratio is 
comparable in size with the experimentally measured value. Therefore, a comparison of the 
theoretical predictions with the experimental value leads to considerable restrictions on the 
parameter space of SUSY models. 
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In the present paper we study in a systematic way the restrictions on the SUSY parame- 
ters and complex phases which can be derived from the experimental information on FCNC 
and on CP violation. The electron EDM and the branching ratio of the rare decay h ^ 
constitute the two most severe constraints. We define the SUSY model at the GUT scale and 
determine the soft SUSY breaking parameters at the weak scale by evolving them down with 
the renormalization group equations (RGE). We fix by demanding radiative breaking 
of the electroweak SU{2)l x U{1) symmetry. At this scale we impose the constraints from 
direct searches and from the p-parameter, as well as the requirements of color and electric 
charge conservation and the lightest SUSY particle (LSP) to be neutral. With these sets 
of soft SUSY parameters we calculate the EDM of the electron and the branching ratio of 
b s'-f and compare them with the experimental data. The sets in agreement with the 
experimental constraints are used to calculate the CP asymmetry of 6 — 57 and the SUSY 
contributions to the CP-violating quantities ex, ^Mb^ and AMb^- With these results we 
study the modifications of the so-called unitarity triangle. Finally we calculate the SUSY 
contributions to the muon anomalous magnetic moment in order to quantify the effect of 
the recent experimental data on the observables we are interested in. 



II. GUT-INSPIRED MSSM SPECTRUM AT Mw 

In the flavor blind MSSM the most general structure of the soft breaking parameters at 
the GUT scale is 

(Yi),, = AEe^^-EiYEh, (2.1) 

where i,j are family indices, the Y^ are trilinear scalar couplings and Yf denote the Yukawa 
matrices. All the allowed phases are explicitly written, with the only exception of possible 
phases in the Yukawa matrices. In addition, we have a universal gaugino mass parameter 
Ml/2 that we can take as real while the fi parameter in the superpotential is complex. 
Notice that Mh^ and Mh2 are only the Higgs soft breaking masses and not the complete 
Higgs masses that can be computed from the scalar potential. 

As the number of parameters in Eq. (2.1) is still rather large, for our present study we 
will make further simplifying assumptions. The first case we consider is the simplest version 
of the constrained MSSM, where we take the following independent parameters: 

(I) Ml/2, Ml \Ao\, tan/3, 0^, 0^0, 
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which means that we impose = M(j = Mf) = Ml = Mf^ = Mfj^ = = M^, 

Au = Ad = Ae = Ao and = (pAo = 4>Ae = 4>Ao- 

The second case refers to the SUSY SU{5) modeL In this model the sfermions are in a 
5 and a 10 multiplet and the Higgs doublets are members of different 5 multiplets. We take 
the following set of parameters: 



(II) Ml/2, Ml Mfo, Mjj^, Mjj^, \Au\, \Ad\, tan/3, 



V' (pAu, (pAa, 



where now we have Ml = Ml = M|, M^ = M^ = Ml = M^q, Au = A^, Ad = Ae = A^ 

and (t)Au = = <Pae = 0Arf- 

Although the number of parameters in set (II) is significantly larger than in set (I), 
the problem can be handled and a full RGE evolution and an analysis of the low-energy 
SUSY spectrum is possible. In our analysis, we have used two-loop RGEs as given in and 
one-loop masses as given in 

In the following, we are going to discuss the main features of the low-energy spectrum 
relevant for CP violating and FCNC observables. In particular we are interested in electric 
dipole moments (EDM), ek, ^Mb^, AM^^, BR{h 57) and the anomalous magnetic 
moment of the muon (a^+). 

The dominant contributions in flavor conserving observables are mediated by chargino- 
sneutrino diagrams for the electron EDM and for and by both chargino-squark and 
gluino-squark diagrams for the neutron EDM. Since we are interested in a light SUSY 
spectrum, we will also consider sub-dominant neutralino-sfermion contributions which are 
important in a part of the parameter space where cancellations can occur 0,^. The main 
contributions for flavor changing CP violating observables [ek, AM^^, AM^^, BR{h 57)) 
are given by up squark-chargino, top-charged Higgs and the usual SM 1^-boson contribu- 
tions. Hence, we are interested in the following part of the low energy spectrum: x+, g, 
H~^, t, light q and /. 

A very good approximation for their masses in terms of the initial parameters is already 
given by the solution of the one-loop RGEs [^0] . In tables |, fT|, fT^, |V|, and |V|, we present the 
numerical solution of these equations for the various parameters entering the mass formulae 
for different values of tan /?. 

A further important parameter entering the mass matrices is /i. We calculate its mod- 
ulus from the requirement of electroweak symmetry breaking, using the complete one-loop 
corrections for all particles . To get an understanding of the general behavior, we use the 
corresponding tree level formula which reads: 

" COS 2/3 2 ' ^^-^^ 

where we write in lower cases the physical masses at the electroweak scale. It is well known 
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that the tree level result can be modified by large one-loop corrections that are taken into 
account in our numerical computations. 

In first place, we consider the charged Higgs mass which is connected at tree level with 
the /i parameter by: 

= m\o + m^w = + + ^l/^P + 

tan^ (3 + 1 2 2 \ , 2 2 rn o\ 

^ tan^ /3 - 1 -^H,)+^w- (2-3) 

Eq. ( p.3|) imphes that the "tree level" tan/3 dependence of /«^+ is always small, and 
for tan P > 3 the only important dependence comes through the m|f^ and parameters. 
Inserting the numbers given Table | we obtain the result displayed in Table f| for the CMSSM 



case and in Table |ITl| for SU{5). 

Let us first discuss the CMSSM case: It is clear from Table ||that the main contribution 
stems from the gaugino mass, My^, both for and rn\j+. Other relevant contributions 
come from the universal scalar mass Mq and the A0-M1/2 interference term. In this frame- 
work, the size of the coefficient C2 implies that within CMSSM is, in general, larger 
than M2 ^ 0.81Mi/2- The only possible exception to this rule could come from the negative 
sign of the C3 coefficient for the Aq-Mii2 interference. Only with large tan/5 and a value of 
Aq > 5.5M1/2 it would be possible to change the above situation. However, this possibility 
is ruled out as soon as we take into account the direct constraints on gaugino and scalar 
masses and specially the requirement of the absence of charge and color breaking minima 
which forbids large values of Aq [||. This fact has important consequences, in particular it 
implies that in the CMSSM the lightest chargino, as well as the lighter two neutralinos, 
will be gaugino-like. The behavior of fn'jj+ is similar to although the contribution from 
the Mq coefficient ci is now more important. Finally, it is obvious from the tables that 
with increasing tan/5, both and mH+ decrease. In the SU{5) scenario we have different 
scalar masses for the two Higgs doublets and the particles in different multiplets, as well as 
different trilinear terms. The physical masses at the electroweak scale depend, in this case, 
on the values of these parameters at Mqut- In Table |IT1| we see the dependence of on 
these initial values. We must emphasize that this is only a decomposition of the coefficients 
in Table || in different contributions. Therefore, the sum of the coefficients Ci, C2, C3 and C4 
in Table fT| corresponds to the coefficient Ci in Table ^ and so on. In this decomposition, 
it is interesting to notice the negative sign of the coefficient C4. This means that with a 
sufficiently large initial value for Mjj^ and a moderate value of M1/2 it is possible to have 
I A* I < M2 and a large higgsino component in the lightest chargino and neutralinos; it is so 
possible to overcome the bounds that forbid this possibility in the CMSSM case. 

We now present the numerical results obtained using the RGEs at the two loop level. In 
Fig. |I] we show the scatter plot of the mass of the charged Higgs boson versus tan (3 for the 



6 



CMSSM and the SU(5) cases. In this and all the following scatter plots we vary the scalar 
and gaugino masses at Mqut in the range 100 GeV < Mj < 1 TeV, the trilinear terms 
< \Ad\^ < M^Q + M| + Mjj^, < < 2MIq + while their phases are arbitrary. 

Finally we take 4 < tan/? < 50, where the lower bound takes into account the limits on the 
lightest neutral Higgs mass. Moreover, we apply the following set of constraints: 

• Absence of charge and color breaking minima and directions unbounded from below [H . 



• Lower bounds on masses from direct searches 0, in particular > 90 GeV, m^. > 
90 GeV, m^o > 33 GeV and > 33 GeV. 

• The acceptable range in the b ^ s'y branching ratio is between 2 x 10^^ and 4.5 x 10~^ 

• The lightest supersymmetric particle is neutral. 

• The upper bound on the electron EDM is {d'^l < 4.0 x 10^^^ e cm. 

In any i?-parity conserving MSSM, a further constraint would be the relic density of the 
lightest supersymmetric particle, ^x^"^ — However, we have not included it because a 
careful treatment of this constraint, in the presence of non-vanishing phases, is beyond the 
scope of this paper. 

In Fig. ^ the black dots fulfill the 6 — 57 constraint, whereas in the case of the bright 
open circles this constraint is violated. The most relevant feature of these plots is the heavy 
mass of the charged Higgs in most of the parameter space, mH+ ^ 400 GeV. In the CMSSM 
case, we see that mH+ > 400 GeV except for a few exceptions at intermediate tan /5. This 
is due to the decrease of the C2 coefficient with increasing tan/3; in this region the 6 — S7 
constraint is very important too. At small tan (3, the chargino contributions cannot usually 
compete with the charged Higgs ones and hence the same bound as in two-Higgs doublet 



models applies, i.e. mH+ > 250 GeV |Tl|]. With moderate or large values of tan/3, the 



chargino contribution can partially cancel the charged Higgs contribution and hence lower 
values are allowed |]12|. At larger tan (3 values, this cancellation is no longer possible and the 
b —>■ s'j constraint turns out to be more effective for low SUSY masses. 

In the SU{5) similar situation occurs although more cancellations are possible 

because now the charged Higgs and sfermion masses are independent at the GUT scale. 

Beside the charginos and the charged Higgs, that we discussed above, the stops are 
particularly interesting in the processes we consider. Neglecting for the moment the so- 
called D-terms, one gets for the masses: 

<,2 = I {Ks + <3 + 2"^? T ^{ml^-mlJ^ + 4ml\A*-fi cot f3\^') . (2.4) 
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Fig. shows a scatter plot of the hghtest chargino versus the hghtest stop masses. It is very 
interesting to notice the very strong correlation among these masses. In fact, in the CMSSM, 
~ ^/%M\i2 is always larger than M2 ~ O.8M1/2 and the lightest chargino, whose mass is 
bounded by direct searches to be heavier than 90 GeV, is approximately a gaugino. On the 
other side, we see in Table | that the lightest stop will always be dominantly right-handed. 
Writing Eq. ( p. 41 ) as a function of the high scale parameters in the CMSSM case we find: 

m\ ^ = 0A3M^ + A.hhMli^ + + 0.19Mi/2Re(Ao) 



T-Mi/2-^2.25M2/2 + 1-13 M2 + 20.2 m? (2.5) 
ce ( 

0.81 Ml/2, we further get 



where a slight dependence on tan/3 of the coefficients is neglected. Using m + ~ M; 



*1,2 



0.43Mo2 + 6.93m2+ + + 0.23m +Re(Ao) 
T^m^+^5.23m2^ + 1.72 + 30.8 m^ . (2.6) 

For the mixing the following approximate result can be derived: 
|, I 2m,|0.2Ao - (2 - v/3cot/j e--^^)Mi/2| 

' - |0.37M2 + 1.3M2/2-0.13Mi/2Re(A0)| ^ ' 

In case that Aq ~ M1/2 — Mq ^ mt and moderate/large tan/5 one finds that |%| ^ 1.0. 
Therefore, the lighter stop is clearly more "right handed" than the heavier one. Note that 
for larger M1/2 and/or Mq the mixing angle grows and, thus, the 'right-handed' component 
of the lighter top squark increases. An analogue formula can be found for the phase: 

0.2Im(Ao)- v^cot/5sin</.^Mi/2 ,^ ^, 

tan0f~ -= 2.8) 

0.2 Re(Ao) - (2 - V3 cot /5 cos 0^)Mi/2 

It is obvious from this formula that the CP phase of the top squark is relatively small at 
the electroweak scale even if it is maximal at the GUT scale. This is a result of the fix-point 
structure which governs the corresponding RGEs. 

From Eq. for 100 GeV < Mq < 1 TeV and with m^+ = 100 GeV we get an allowed 

range for the stop mass 240 GeV < m^^ < 660 GeV. As we can see from the plot the corre- 
lation between the two masses is maintained for larger chargino masses. The "splitting" into 
two bands is due to the fact that the phase of /i is rather small and, thus, it is concentrated 
around and tt. One band is more populated than the other because, according to the EDM 
constraint, there is a preferred phase difference between Aq and /i. In the case of 5'f/(5), the 
main difference is that the Higgs masses are not tied to the other scalar masses and now may 
be quite different. This has important effects in the radiative symmetry breaking; in fact, 
lower values of /i are possible and the lightest chargino can have a dominant higgsino part. 
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In scenarios where |/i| < M2 we find that the stop masses are somewhat lower compared to 
the CMSSM case because of the requirement that Mfj^ » M^q and of the negative sign of 
the Cj4 coefficient in Table | for the mq^ and mjj^ parameters. In the plot we see that this 
effect tends to slightly soften the stop-chargino correlation, however, if we plot m^^ versus 
M2 much of this correlation is again recovered. Moreover the up-type squarks can have a 
different A-parameter value compared to the down-type squarks and the charged leptons. 
This leads to a stronger overlap of the two bands. We must emphasize here that, due to 
gluino dominance in the soft-term evolution, this kind of correlation is general in any RGE 
evolved MSSM from some GUT initial conditions assuming that also gaugino masses unify. 



In summary, this implies that the "light stop and chargino" scenario |1T3|-[T6| must be shifted 
to stop masses in the range of 250 GeV for chargino masses of 100 GeV. As we will see in 
the next section this has very important consequences for the searches of low energy FCNC 
and CP violating effects. 

Analogously, a very similar correlation can be obtained for all the other squarks and 
Higgs bosons, although it is not as stringent as in the stop-chargino case. We roughly get, 

m? ~ 9.3 X 771^+ + Ml. (2.9) 

It is an interesting fact that the allowed bands are always wider that in the case of the lighter 
stop due to the larger coefficient of Mq and are always above the band plotted in Fig. 2. 



III. LOW ENERGY OBSERVABLES 



Indirect searches in CP violation and FCNC experiments play a very important role in 
the race for the discovery of SUSY. In these rare processes, SM contributions are small and 
hence supersymmetry is allowed to compete on equal ground. We are mainly interested in 
CP violation experiments, since new results are coming from 5-factories. With this goal, 
the first observables we must analyze are the electric dipole moments (EDM) of the quarks 
and leptons since they provide the most stringent constraints on the new super symmetric 
phases. In this paper, we concentrate on the electron EDM because the constraint it provides 
is already very tight and its theoretical computation is independent of hadronic uncertainties 
that plague the neutron EDM calculation. Then, with the information obtained from the 
previous analysis of the MSSM spectrum, we address the study of the main CP violating 
and FCNC observables consistent with this EDM constraint. In first place, we study the 
CP violation asymmetry in the b ^ s'j decay which, apart from EDMs, is an especially 
sensitive observable to the new SUSY phases. Then, we make a full analysis of the unitarity 
triangle which includes the study of sk, ^Mb^ and AMb^ as well as the determination of 
the angles through the CP asymmetries. Finally, we complete our discussion with a study 



9 



of the anomalous magnetic moment of the muon, whose measurement has been recently 
updated at BNL 0. 



A. EDMs 

The EDM of a spin-| particle is the coefficient, c?-^, of the effective operator, 

Le = -{z/2)d^h'a,.fF^'' . (3.1) 

This CP violating vertex is absent at tree level both in the SM and in SUSY. It is generated 
in the SM as a three loop effect [|TB|, whereas SUSY contributions arise generically as one loop 



effects. Thus, these contributions are naturally expected to be much bigger than the stringent 
limits obtained in various EDM experiments, namely the neutron [|l^,^ , the Mercury atom 



21| , and the Thallium atom |^ EDMs, the latter being mostly sensitive to the EDM of 
the electron. So far, a fully accepted explanation for the smallness of the EDMs in SUSY is 
missing and this fact gives rise to the most severe part of the so-called supersymmetric CP 
problem. 

It is well-known, since the beginning of the SUSY phenomenology era, that the effects 
of (pA and 0^ on the electric and chromoelectric dipole moments of the light quarks imply 
that (f)A,fi should be < 10~^ unless one pushes SUSY masses up to C(l TeV). This 



strong constraint led most of the authors dealing with the MSSM afterwards to simply set 
(pA and (f)f^ exactly equal to zero. However, in recent years, the attitude towards the EDM 
problem in SUSY and the consequent suppression of the SUSY phases has significantly 
changed. Indeed, options have been envisaged allowing for a conveniently suppressed SUSY 
contribution to the EDM even in the presence of large (sometimes maximal) SUSY phases. 
Methods of suppressing the EDMs consist in the cancellation of various SUSY contributions 
among themselves approximately degenerate heavy sfermions for the first two genera- 
tions and non-universality of the soft breaking parameters at the unification scale 



In our fiavor blind scenario, the latter possibility is obviously not present, and as discussed 
in the previous section, the SUSY spectrum is fixed by RGE evolution in terms of the initial 
conditions at Mqut- We have seen that the first two generations are always naturally heavier 
than the third one and hence the second mechanism can be considered in some regions of 
the parameter space |^. Still, in a pure MSSM scenario with a SUSY spectrum below the 



^In these models one has to carefully examine the two-loop contributions with third generation 
particles running in the loop 0. 
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TeV scale, a cancellation between different contributions is the main mechanism that can 
allow large SUSY phases. 

In the following, we calculate explicitly the electron EDM and apply the experimental 
limits to this value. As shown in 0,^, there exist regions of the parameter space where 
sizeable phases are still allowed. We mainly concentrate on these regions using the electron 
EDM to obtain the allowed phases after RGE evolution. We pick the electron EDM for this 
procedure because, on the theoretical side, its calculation is simple and well under control. 
Chargino and neutralino loops are the only SUSY contributions: 

= dl+ + d^o . (3.2) 

The supersymmetric contributions to the EDMs of leptons and quarks have been cal- 
culated in various papers (see ||3|,3,|23[| and references therein). We use the formulae and 



numerical results as given in The chargino contribution to the electron EDM can be 
brought to the very simple form: 

-d^+ = - — . 2n f 2 2~T ^ ~ (^3(n) - Fs{r2)) (3.3) 

e ^ 47r sm^ 6'w(m"' m^,) mf, 

where = m'^.+/ml and the loop function F^lri) can be found in the appendix. 

Xi <^ 

The neutralino contribution to the electron EDM involves complex neutralino and 
sfermion mixings. Hence, its expression is not especially simple [^: 

4 2 2 

If Ota X ^ X ^ f 



where 



k = l m=l Jm jrr. 



- ^-l)'"sin20.Im[((/.{,)2 - /;j£)e-^-/ 



-{l-i-ircos2ef)lm[hijll] 

_(1 + (_!)- cos 2^^-) Im[/.{J4] , (3.5) 

in terms of the neutralino-sfermion couplings, 

hlj = -Ye{cos pN^j + sin pN^j) , (3.6a) 

= -Fe (cos PN;^ + sin PNI^ ) = hi* , (3.6b) 

flj = ~[Qf sin 2ewN*^ + {l-2Qf sin' ew)N;^] /( ^2 cos Ow) , (3.6c) 

fRj = [QfSm2ewNij + {-2Qfsm^ew)N2j] /(v^cos^vk) • (3.6d) 

with Ye = me/{V2 mw cos (3) and the definitions for the neutralino mixing matrix Naj and 
the selectron mixing angle 6'^ and phase (yjj as well as the loop function F4 can be found in 
the Appendices. 
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With the help of Eqs. (|3.3| ) and (|3.4] ) we can readily calculate the electron EDM. If 
both contributions are separately required to satisfy the experimental bound, (1.8 ± 1.2 ± 
1.0) X 10~^''e cm, we obtain, from the electron EDM constraint, 0^ < 0.01 and 0^ < 0.3 
for sfermion and gaugino masses of 100 GeV at Mqut- Notice that the constraint on (pA is 
always less stringent than the one on 0^ because the latter contributes also through chargino 
mixing and it is enhanced by a tan (3 factor in the down squarks and charged sleptons mass 
matrices. 

However, if both contributions are considered simultaneously, a negative interference 
occurs in particular regions of the parameter space and larger phases are allowed under 
these special conditions. In Fig. | we show the allowed regions for 0^ and 0^^ as specified at 
McuT, and the correlation of 0^ with the scalar mass, Mq. As we can see in these figures, it 
is possible to find any value for 0^^ although there is a correlation with the value of 0^. The 
value of 0^ itself is much more constrained; however, values up to 0^ = 0.4 are still allowed, 
especially for regions of relatively large masses. This may appear surprising, given that the 
usual values quoted from EDM cancellations are 0/^ < 0.1 However we must take into 
account that in our analysis we do not fix a priori the supersymmetric scale, but scan the 
whole range of parameters and so these large phases correspond to relatively large sfermion 
masses, up to 1 TeV. 

To finish our discussion, we add a short comment on neutron and mercury atom EDMs 
that should also be included in a complete analysis. Unfortunately, the prediction for 
the EDM of the neutron depends on the specific description of the neutron as a quark 
bound state. The first estimates were based on the non-relativistic SU(6) quark model with 

= (4/3)(i'^ — (l/3)(i", where the other QCD contributions to were estimated by a 
Naive Dimensional Analysis [^. Another estimate, based on the measurements of the spin 
structure of the proton, were made in |3^. Both estimates give different results for dj^ as 
has been shown in [Q. A third approach uses QCD sum rules. Another measurement 
of EDMs regards the atomic EDM of ^^^Hg. Ref. ||3^ uses this result to restrict the MSSM 
parameter space. It is not clear whether it may be possible to find parameter regions where 
all the EDM constraints are simultaneously satisfied |]3^j35|| . An analysis of the EDMs of 
electron, neutron and ^^^Hg with implications for measuring the phases at an e+e" linear 



collider are given in |^ (concerning chargino searches at LEP in the presence of complex 
MSSM parameters see [^). On the other hand, for our present analysis we can restrict 
ourselves to the inclusion of only the electron EDM, hence providing conservative bounds on 
the allowed SUSY parameter space. The further inclusion of the neutron and ^^^Hg EDMs 
is beyond the scope of the present analysis. 

In summary, we have seen in this section that EDM constraints allow for sizeable SUSY 
phases in some regions of the parameter space where a negative interference takes place. Even 
in these special regions, 0^ is tightly constrained, while 0^ is essentially unconstrained. In the 
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next sections, we will analyze the effects of these restricted phases in different CP violation 
observables. 



B. 6 ^ S7 

The inclusive radiative decay B — ^ Xg'j is an extremely useful tool in testing the FCNC 
structure of the SM and its possible extensions. At 95% C.L., its total decay width is 
restricted to lie inside the experimentally allowed region [p!0|] , 



2 X 10'^ < BR{B X,7) < 4.5 x 10'^ (3.7) 

which is expected to be further reduced within the next few months. The above constraint 
turned out to be a great challenge for the general MSSM parameter space because of the 
presence of flavor changing couplings otherwise unconstrained. Even in the more predictive 
class of models considered in this paper, it is easy to exceed the bound (|3^) with large 
tan j3 and a light superpartner spectrum. In particular, a key role is played by the charged 
Higgs, lightest stop and lightest chargino loops. These pieces are proportional to the CKM 
mixing matrix and experimentally the masses of the particles involved are just constrained 
to be heavier than approximatively 100 GeV. In general, they provide the bulk of the SUSY 
contributions to this decay. On the other hand, to have sizeable gluino contributions new 
flavor structures other than the CKM matrix are required (see for instance Ref. [^]). Indeed, 
in more general SUSY models, gluino contributions are very important and can be even 



dominant ^8[. However, in our flavor blind scenario, they are typically subdominant. In a 
similar way, diagrams involving neutralino exchange can be safely ignored. For these reasons, 
we will focus on chargino and charged Higgs exchange in the remaining of this section. 

A first important issue concerns the relative sign of the W-top loop with respect to the 
stop-chargino and if +-top contributions. Notice that the latter contribution has always the 
same sign as the SM while the former can interfere constructively or destructively in such 
a way that, in case of strong cancellations, the allowed chargino and charged Higgs masses 
can be very close to the direct search lower bounds. In the large tan/3 region the relative 
sign of the chargino mediated diagram is given by — sign(Af/i). Since the value of At at the 
scale mw in the MSSM with RGE running from Mqut to the electroweak scale is essentially 
determined by — M1/2 (see table |V|), it is clear that /i > implies destructive interference of 
the chargino contribution. 



A complete NLO analysis is available only for the SM |^ and for the two-Higgs-doublet- 
model while only partial results are available for the MSSM [|l5i^lH 43|l . The correct 
approach would be to properly take into account the complete SUSY contributions both to 
the LO and NLO matching conditions. Given that the NLO results in SUSY are provided 
only under particular assumptions on the SUSY mass spectrum, we prefer to include only 
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the LO matching conditions and to perform a high statistics scanning of the parameters 



at the GUT scale. Our choice is also supported by the analysis presented in Ref. p4 
where it was pointed out that one of the main effects of the improved NLO computation of 
Refs. is to reduce the scale uncertainties while the central values of the predicted 



BR does not undergo dramatic changes. Moreover the other observable we are interested in, 
namely the CP asymmetry, is predicted to be negligibly small in the SM and it is still far 
to be experimentally detected. For these reasons we prefer to use the NLO SM analysis and 
to include SUSY effects via their contributions to the LO matching conditions. 

The effective Hamiltonian which describes the transition 6 ^ 57 in the SM is given by 

AC ^ 

Hlyr = -^K,,Kl 5^ a • (3.8) 
where the operator basis is defined as follows: 

Ql = {sLalfiCLp){cLfiYhLa), 
q=u,d,s,c,b 

Qi = {sLal^,hL|3) Y (^LdYqLa), 
q=u,d,s,c,b 

q=u,d,s,c,b 

q=u,d,s,c,b 
CUli) _ jpuu 

Qs = J^SLaT!^p<y f.ubRfiC^" , (3.9) 



where a, (3 are color indices and a labels the S'f/(3) generators. In any MSSM the above 
basis must be extended to include 

• the opposite chirality operators, obtained interchanging left and right fields, 

• the scalar and pseudoscalar operators, in which no 7^ structure is present, 

• the tensor operators, characterized by the presence of the a^j^u tensor. 

However the SUSY contributions to the Wilson coefficients (WCs) of this extended operator 
basis turn out to be exceedingly small in our framework due to the lack of new flavor changing 
structure other than the CKM matrix. Moreover the WCs of the operators Qi,...,6 are not 
sizably modified in any R-parity conserving SUSY theory. For these reasons we have only to 
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deal with the SUSY contributions to the operators Qj and Qs- The values of the LO WC's 
at the mw scale are 



-Xt 



3 

xtFUxt 



2 
3 
2 

1 Xt 

2xh {tan^ (3 

1 Xt 



Fi{xt) + F2{xt) 



3 Xh Xh 



+ 



\f,{^) + f,{^) 

3 Xh Xh 



Xt 



2 \ tan^ (3 Xh xh' 



KabKa's 



(3.10) 
(3.11) 

(3.12) 

(3.13) 

(3.14) 



a,o' i=l a=l 
1 1 

V2COS/3 
2 6 



^{a' ,a)i* 



}_Q{a',a)i 
Si 



-Fi(-)+F2(- 

3 Si s 



Q(a,a)i 



|f4(^)+F3(-) 
O Si Si 



(3.15) 



a, a' i=l a=l t'' is L * * 



a/2 cos /5 



(3.16) 



where KaqG^"'''^^ represents the coupling of the chargino i and the squark k to the left- 
handed down quark q and m^/ {\/2mw cos l3)KaqH'^°''''^^ the coupling of the chargino i and of 
the squark k to the right-handed down quark q. These couplings, in terms of the standard 
mixing matrices defined in the appendices are p5| 



^{a,k)i 
jj-{a,k)i 



UL^il 



-U.2T'u\. (3.17) 

Moreover we have Xq = mg/m^r, xh = rn'^+fm^r, Zk = mfj^^/m^r and Si = m|./m^. The 
explicit expressions for the loop functions can be found in the appendices. 
Following the analysis presented in Ref. |^ we consider the ratios 



\/2mw sin P 



UR^i2 



and we write the following numerical expression for the B Xg'j branching ratio 
BR{B ^ X,7) 



(3.18) 



BR{B X^eu) 



1.258 + 0.382|^7|^ + 0.015|^8r + l-395Re^7 + O.lGlReCs + 0.083Re^74*. 

(3.19) 
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Eq. (p.l9|) is computed taking into account the SM NLO matching conditions, fixing the 
scale of the decay to and imposing the condition that the photon energy be above the 
threshold E^>{1- 6)mh/2 with 6 = 0.9 (see Ref. for further details). 

An especially interesting observable is the CP asymmetry in the partial width, 

^t^s, ^ BR{B ^ X,7) - BRjB ^ X,^) 

BR{B ^ Xs'j) + BR{B ^ X,7) " ^ ' ' 

This asymmetry is predicted to be exceedingly small in the SM and therefore is sensi- 
tive to the presence of new sources of CP violation. In particular, the new SUSY phases, 
0^ and (pA, are associated with chirality changing operators. Hence, we can expect large 
effects in chirality changing decays, as EDMs or 6 ^ 57 while their effects are screened in 
processes which are dominantly chirality conserving |4^j49[1 . Therefore, this is one of the best 
observables, apart from EDMs, to find effects of non-vanishing SUSY phases [|25| , |50| -p^ . 

According to the analysis of Ref. p3[ we write the following numerical expression for the 
CP asymmetry 

_ Im [1.06 C2C*, - 9.52 CgQ + 0-16 . , 

^CP — i^jrp [6.AL) 

where the WCs are all evaluated at the scale m^. 

The results of the analysis of the CP asymmetry in our scenario are shown in Fig. |[ In 
this figure, open circles represent points of the parameter space with no restriction on SUSY 
phases, while black dots are points satisfying the electron EDM constraint as explained in 
the previous section. As expected EDM constraints have a strong impact on the asymmetry. 
Without any restriction on the phases, it is possible to achieve asymmetries between 5% 
and 10% for any value of the branching ratio; the much higher allowed values (10% -7- 20%) 
are due to the smallness of the branching ratio and not to the underlying structure of the 
theory. Once the EDM's bounds are imposed, the average value of the CP asymmetry drops 
to less than 1% while still leaving open the possibility of higher values (of order 5%) in the 
low branching ratio region. This implies that in the presence of a cancellation mechanism 
to satisfy EDM constraints large asymmetries are still possible in this decay. In this regard, 
there was recently some controversy on the possible size of this asymmetry with EDM 
constraints [^,0]. In fact both works assumed that (pA was basically unconstrained by 
EDM experiments. In this conditions Ref. pT| found asymmetries very similar to our result. 



However, it was then pointed out that RGE effects tend to reduce the phase of At at the 
electroweak scale and the asymmetry was again reduced below 2%. As we have shown here, 
having a non-vanishing 0^ through a cancellation mechanism can, in some cases, enhance 
the asymmetry around 5% in the low branching ratio region. 

Before concluding this subsection, we would like to comment on the issue regarding the 
sign of Cj^^ {mfj). The b S'j rate constrains the absolute value of this WC and it does not 
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give any information on its sign which, on the other hand, has a strong impact on inclusive 
and exclusive b si~^i~ transitions. Here we only want to discuss the possibility to achieve 
the sign flip in the class of models we consider and we refer the reader to Refs. [p^-|5B| for 
a discussion of positive C7 phenomenology. Our result is that no points with Re{Cj-^-^) > 
survive after imposing the EDM's constraints on the phases^ This conclusion is partially 
due to the presence of a correlation between the charged Higgs, light stop and light chargino 
masses. In fact, in order to get a large positive chargino contribution it is required to have 
/i > 0, large tan/5, chargino and stop masses as light as possible. This, in turn, implies 
a relatively light charged Higgs so that its contribution, which is always negative, tends 
to balance the chargino contribution preventing the sign flip. We must say that such a 
conclusion could be modified if the GUT scale conditions we impose are significantly relaxed. 

C. Unitarity triangle 

CP violation in the SM is completely encoded in the CKM mixing matrix. Thanks to 
unitarity of this matrix, the existence of CP violation in the SM is equivalent to the presence 
of a non-trivial unitarity triangle. Therefore, the measure of the unitarity triangle is a direct 
test of the CKM origin and possible new sources of CP violation. The best triangle for this 
purpose is the triangle produced by the product of the first and third columns of the CKM 
mixing matrix. In this triangle all three sides are of third order in the Wolfenstein parameter 
A and normalizing the three sides with respect to the base KcdK*i^ we obtain, 

J^cdJ^cb J^cdJ^cb 

In fact, the shape and size of this triangle is overconstrained by many different CP-violating 
and CP-conserving experimental observables. In this regard, some observables, being tree- 
level contributions in the SM, are basically unaffected by new physics contributions, as for 
instance the values of l-ft'cbl and \Kub\ which basically determine the size of one of the sides 
of the triangle. 

In first place, from semileptonic decays of the B meson we have a direct measurement of 
\Kub/Kcb\ = 0.093 ± 0.018 0. This implies, 

0.42 ±0.08 (3.23) 



KudK*f, 


1 


Kub 


KcdK*^ 


~ A 


Kcb 



'^If the EDM constraints are not imposed, it is possible to obtain points with Re(C^-^'^) > but 
always with a large lm{Cj^^). 
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In the (p, 77) plane this constraint is represented as a circle centered in (p, 77) = (0, 0) with a 
radius given in Eq (|3.23|) . 



All other observables used to constrain this triangle are already present at 1-loop in the 
SM and hence can be affected by the inclusion of additional contributions from SUSY. For 
instance, the third side, determined by \Ktd\ is measured only indirectly through B^-B^ 
or Bg-B^ mixing which in principle, can receive sizeable contributions from SUSY loops, 
modifying the SM determination of this side. The main constraint on the unitarity triangle 
is provided by the observation of indirect CP violation in the neutral K system, namely 
Ek- This measurement implies, in the SM, that the unitarity triangle does not collapse 
to a line and there is an observable phase in the CKM matrix. In the presence of SUSY 
the existence of a non-zero Ek does not necessarily require the presence of a phase in the 
CKM matrix, i.e. a non-trivial unitarity triangle P5| , |^ , |55[] . Still, as shown in ^ 



m a 



flavor blind MSSM, ek is always proportional to the phase in the CKM matrix and hence a 
non-trivial triangle is also required. However, the shape of this triangle is always modified 
by the new SUSY contributions, and a new fit of this triangle is required [|T^,^,^]. All 
these measurements allow, with the present experimental data, a good determination of the 
unitarity triangle within a well defined model. Nevertheless, the recent arrival of new data 
from the 5-factories provide independent information on this triangle. In particular, the B^ 
CP asymmetries measure directly the internal angles in this triangle. 

Hence, to perform a complete fit of the unitarity triangle in a general flavor blind MSSM, 
we must include new contributions from sfermion loops and charged Higgs. Both B^-B^, 
B'^-Bg mixings and Ek are fully described by the AF = 2 effective Hamiltonian, Ti^j^^. In 
this framework, the only four quark operators are, neglecting light quark masses, 

+ Cmdlqi-dlqi) (3.24) 

with q = s,b for the K and 5-systems respectively and a, {3 are color indices. The value of 
the WCs at mw is, 

Ciimw) = CYimw) + (mw) + C^imw) (3.25) 

r>H+ / \ Sr^ ^ad^oiqK^^K^q \ 



XaX^Y\{X}j^ X}{, X(xy X^'^-\- 



l 2 



2 tan^/? " ' 
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w 



^a'd^aq-^-y'd^-yq 



ff{a,k)iQ{a',k)j*Q{y,l)i*jj{y,l)jY^^^^^ ^.^ 5^.) 



X 



(3.27) 



where all the WCs are evaluated at mw, and we have, Xa = rn\/my^, Zk = mf^^/m^ and 
Si = m^jTri^r. The explicit expressions for the loop functions can be found in the Appendix. 

We must remember that in any flavor blind scenario a LR transition must always go 
through a Yukawa coupling and given that the right-handed mixing can always be rotated 
away, these LR transition are always associated with the Yukawa coupling of the right 
handed fermionQ. Hence, the C2 and C3 WC are suppressed by m^/m^ and mg/(m^ cos^ /3) 
respectively. Then, it is easy to understand that the main four-fermion operator in our model, 
as well as in the SM, will always be the first operator in Eq. |3.24| , Qi, that involves only 
left-handed quarks. In fact, the remaining operators can be neglected in K-K mixing due 
to the smallness of m.,. In the B system with large tan/? these operators are not suppressed 
in principle, however, in this case, the b —>■ s'j branching ratio strongly constrains these 
contributions and as a result in B-B mixing they can also be neglected. Moreover, in the 
limit of vanishing intergenerational mixing in the sfermion mass matrices the Ci WC is real 
in very good approximation p6| , ^ . Hence, using Eqs ( |3.25| - pl2^ ) we can calculate Ek, B^-B^ 
and Bs-Bs mixing as. 



fl Mk Bf \m{{K:^K,sf Vc Gi(x„Xe) + 



K 



ts) 



Vt 



Gi(xi,Xi)+C? + Cr) 



where we use 5f = 0.94 ± 0.15 and r]t = 0.574, r]^ = 1.38, r/^ = 0.47 ]14 . 



AM, 



Bs 



AM, 



Bd 



fid BBd Ms, VI {KuK,,f 

^ M. 



(Bd) 



(Bd) 



(3.28) 

(3.29) 
(3.30) 



^Notice that this is not true anymore if a new right-handed coupUng is present, as it is the case 
in general non-universal MSSM model [p8|,5S,61,62| 
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with ^JPbBb, = (230 ± 40) MeV, r^i = 0.55, and i = flBsJ ^ PbBb, = 1.16 ± 0.05. 
The experimental values for these observables are, Ek = (2.28 ± 0.05) x 10"'^, AM^^ = 
0.487 ± 0.014 ps~^ and AMb, > 15.0 ps~^ at 95% C.L.. Fixing all the SUSY and hadronic 
parameters and expressing these constraints as functions of the CKM parameters (p, //), 
AMb^ gives rise to a circle in the p-r] plane centered in (1, 0) and similarly, Ek specifies an 
hyperbola. The AMb^ constraint is approximately a circle centered as well in (1,0). 

In Figure ^ we present the allowed (p, rj) range in the flavor blind MSSM as described in 
the previous sections. Here, the grey area corresponds to the region already allowed in the 
SM while the open circles present the deviation induced by the SUSY contributions. Clearly, 
under these conditions, no large deviations from the SM predictions can be expected. In fact, 
the relative heaviness of the SUSY spectrum and smallness of mixing angles restricts the 
effects to a small region below the SM area. However, it is interesting to notice that, due 
to the fact that the SUSY contributions are always proportional to a CKM element and 
interfere constructively with the SM, the value of (3 tends to be reduced, in the direction of 
the recent experimental measurements at B factories. 

This result differs from similar analyses already present in the literature under the name 
of Minimal Flavor Violation MSSM |T^ , |59| , |63[] . In these works they assume that the only 
flavor structure in the model is the CKM mixing matrix and they consider only chargino- 
stop, charged Higgs and W contributions. With these conditions, they are able to find very 
large deviations in Ek and AM^^. The main difference with these works is that they consider 
SUSY masses and mixings as independent variables constrained by low energy experiments. 
Our framework is much more restrictive and, as shown in section the RGE evolution 
implies that the lightest stop is 250 GeV for a chargino of 100 GeV and the lightest charged 



Higgs is 300 GeV. This can be compared with m^± = m^^ = m//± = 100 GeV used in |T4 



or m^± > 90 GeV, m^^ > 90 GeV and mH± > 100 GeV in ||59l. Similarly, these papers 
take the mixing angles as completely free while in our flavor blind scenario, as we can see in 
Eq. (|2.7|) , the value of the stop and chargino mixing angles are determined in terms of the 
same Mqut inputs. These facts forbid supersymmetric contributions to compete with SM 
loops and consequently only small deviations from the SM range are allowed. 



D. Muon anomalous magnetic moment 

In this subsection, we analyze the impact of the recent Brookhaven E821 measurement 
of the positive muon anomalous magnetic moment on our analysis. The actual world average 



for this quantity [O] and the corresponding SM prediction EM are 



a^+(exp) = 11659203(15) x 10 
a^+(SM) = 11659160(7) x 10 



-10 



-10 
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so that the difference, 



da^+ = +43(16) X 10"^", (3.31) 

gives a 2.6 cr deviation from the SM. 

The SM estimate given above is based on a recent computation by Davier and Hocker ||65[ 
which is considered to be the most precise pubhshed analysis to date The bulk of the the- 
oretical error is due to the hadronic contribution which is obtained from a{e~^e~ —>■ hadrons) 
via a dispersion relation. In order to minimize the errors, Davier and Hocker supplemented 
the e'^e^ tt+tt" cross section using data from tau decays. The issue whether or not to use 



these decays was extensively debated in the literature. On this basis, the author of Ref. ||67 
questions the superiority of the Davier and Hocker analysis and concludes, after a survey 
of all the SM theoretical predictions for a^+, that it is definitely too early to advertise any 
deviation from the SM. In the next few years, the situation will become clearer because the 
experimental uncertainty on will be reduced and new data on the e^e~ —>■ vr+vr" cross 
section will be taken. 

In the following analysis, we adopt the estimate ( p.31| ) in order to understand its phe- 
nomenological impact on our flavor blind MSSM in case this mismatch is confirmed in the 
future. 

In SUSY theories, receives contributions via vertex diagrams with and x^^^ 

loops [|6^ -ff8|. The chargino diagram strongly dominates in almost all the parameter space. 
For simplicity, we will present here only the dominant part of chargino contribution (the 
complete expressions that we use in the numerical simulation can be found in Ref. |^8|], see 
also Ref. for a discussion on CP violating phases): 

Sa-l ^-it <t !!!fi5!(^F3 ( 4) (3.32) 

where the loop function is given in the appendices. The most relevant feature of Eq. ( p.32| ) 
is that the sign of 5a^+ is fixed by sign[Re(f/i2V^ii)] = — sign[Re(/i)]. Comparison with 
Eq. (p.31|) implies that the new Brookhaven result strongly favors the yU > region in a 
MSSM scenario. Indeed, this has very important consequences in the observables analyzed 
in the previous sections. 

In first place, recalling our previous discussion of the 6 — 57 decay, this implies that the 
chargino contribution to the C-j WC is preferably positive. Therefore, it interferes destruc- 
tively with the SM term and then the BR is generally smaller than the SM value. In this 
situation, we expect higher values of the CP asymmetry to be slightly favored too. These 
qualitative arguments are confirmed by the numerical analysis that we summarize in Fig. |^ 
and ^. In Fig. ^ we present the correlation among 5a^ and BR(6 57) , together with the 
la and 2cr preferred ranges for 5a ^. In this plot, we can see that the required contribution in 
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6a^ implies a low branching ratio in the b ^ s'y decay. Similarly, in Fig. we show as black 
dots the points of the parameter space that reproduce the measured anomalous magnetic 
moment and as open circles all other points. Then we have that, in the presence of sizeable 
SUSY phases, large values of the CP asymmetry can also be expected. 

Finally, in Fig. ^ we plot once more the correlation between the lightest chargino and 
stop masses to see the impact of the constraint on them. Here, black dots are the points 
of the parameter space that reproduce the required value of 6a^. We confirm the presence 
of an upper bound on the chargino mass of about 700 GeV for very large tan j3 (of order 50) 



7^ , and lower for smaller values of tan /3. This bound is essentially due to our assumption of 



gaugino mass unification. In fact, as was recently pointed out in Ref. |7^, if this hypothesis 
is relaxed, the chargino and neutralino masses are uncorrelated and in the large chargino 
mass region a^+^ can compensate (for a sufficiently light smuon) the exceedingly small a^+'^- 
In this way, we obtain a big enough contribution to the anomalous magnetic moment of 
the muon even in the limit of decoupling chargino sector. Still, we would like to stress here 
that in any RGE evolved MSSM from a GUT scale with gaugino mass unification this 
measurement has important consequences on the complete MSSM spectrum. In particular, 
as shown here, the chargino-stop mass correlation implies, with no additional restriction 
on the SUSY parameter space, the presence of an upper bound on the light stop mass of 
mi < 1500 GeV. 



IV. CONCLUSIONS AND GENERAL RESULTS 

In this paper, we analyze the low energy phenomenology of flavor blind MSSMs, and 
in particular we focus on CP violating observables. We calculate the MSSM spectrum at 
the electroweak scale using two-loop RGEs in terms of the initial conditions at the GUT 
scale. We apply the constraints from direct searches, the p-parameter, the absence of charge 
and color breaking minima and the requirement of the lightest SUSY particle (LSP) to be 
neutral. Using the points that survive these bounds, we study the further restrictions on the 
SUSY parameters, especially the complex phases, derived from the electron EDM and the 
6 ^ S7 decay. 

In the resulting allowed regions of the parameter space, we analyze the predictions of 
these models on ex, ^^b^ and AM^^ as well as on the b ^ s'-f CP asymmetry and on 
the muon anomalous magnetic moment, whose relevance was strengthened by some recent 
experimental results. 

The well known gluino dominance on the RG evolution gives rise to strong correlations 
between gaugino masses, squark masses and mixing angles at the mw scale. In particular, 
only a narrow band in the stop-chargino mass plane is allowed: the current lower bounds 
on the chargino mass imply that the lightest stop must be heavier than about 250 GeV. 
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The charged Higgs boson mass is generally above 400 GeV although it is possible to find 
fighter masses at moderate values of tan p. The impact of the electron EDM results mainly 
in a strong constraint on 0^, while (f)A can reach much higher values. Taking into account 
the possibility of cancellations between different SUSY contributions, we find values of 0^ 
up to 0.4 and (pA is essentially unconstrained. The b —>■ constraint cuts a sizable region 
with large tan (3 and light scalar and gaugino masses and hence plays an important role in 
the determination of the finally allowed parameter space. 

Taking into account all these results we calculate the 6 — > S7 CP asymmetry which turns 
out to reach values up to 5 % for relatively small values of BR{h 57). Such asymmetries 
are within the reach of the current B-factory experiments and therefore they are a very 
useful tool to check the EDM cancellation mechanism. In fact, if large phases survive the 
EDM constraints via this mechanism, the CP asymmetry can reach the above upper limit. 
Concerning the impact of fiavor blind SUSY on the unitarity triangle fit, we do not find any 
sizeable deviation from the SM allowed region: this is due to the relative heaviness of the 
SUSY spectrum, especially of the top squark, lightest chargino and charged Higgs boson. 
Finally we focus on possible large SUSY effects on the muon anomalous magnetic moment. 
It is possible to match the recent experimental determination for positive Re(/i) values which 
are also favored by the branching ratio of fo — > 57. In fact, the points that reproduce the 
experimental value of a^+, can have, at the same time, a large CP asymmetry in the b ^ 
decay. This measurement also implies an upper bound on the chargino and stop masses 
respectively of 700 GeV and 1500 GeV. 

In summary, these flavor bhnd MSSMs have a small impact on AF = 2 observables and 
hence do not modify sizeably the SM flts of the unitarity triangle. On the other hand, the 
EDMs and the CP asymmetry in 6 — > 57 are closely correlated. If a Af^g^ is observed, the 
only possibility to account for it in a flavor bhnd SUSY context is that large cancellations 
among SUSY contributions in the EDMs occur. In conclusion, the EDM, the CP asymmetry 
in 6 — > 57 and the anomalous magnetic moment of the muon constitute possible candidates 
for signiflcant deviations from the SM expectations even if the breaking of supersymmetry 
has nothing to do with the origin of the flavor in the theory. 
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APPENDIX A: SFERMION MASS MATRIX 



/ 



where 



The 6x6 sfermion mass matrices are given by 

V 



'} + (Tf - Qf sin^ Ow) cos 2(3 m| + Mj y| ^ - Mfiie((3) \ 

Ya^^ n{(3) - Mfn*@{(5) M) + Qf sin^ Qw cos 2(3 m| + M] 

V 2 •'^ / 



r 0(/5) = cot Vt{(3) = sin p for Tf = \ 

\ e{(3) = tan (3, n{(3) = cos (3 for Tf = -\ ' 



(Al) 



(A2) 



and are the trilinear matrices equal at Mqvt to Ya^ — YfAf. These matrices are 
diagonalized by the 6x6 unitary matrices F/: 



diag(M^-^,...,M^J = F--M?.Ft . 



The 6x3 left and right block components of the mixing matrices are defined as: 



p6x6 / -pox,! -pt 

/ " V fL fR 



^6x3 -p6x3 



(A3) 



(A4) 



In the fiavor blind scenario, the most important off-diagonal entry in the above squared 
mass matrices is the third generation LR mixing. Below we present the analytic expressions 
of the 2x2 stop system: 



tLL tLR 

e^M? M? 

tLR tnn 



(A5) 



where 



M? 

tLL 



^Q3 + 



tRR 
tLR 



mj 



Us ■ 3 
mt\At - fi*e{P)\ 



- - sin^ ^vf) cos2/3m| + , 



(A6) 

(A7) 
(A8) 
(A9) 
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The eigenvalues are given by 



K.-. = (^4. + KJ T J{M? - MfY + , (AlO) 



with m?^ < m?^. We parametrize the mixing matrix TV so that 



where ipi is given in Eq. (^3) and 



cos^,-=^^<0, sin%= ^^ >0, 



APPENDIX B: CHARGING MASS MATRIX 

The chargino mass matrix 

Mi:={ f mH^y2sin/3\ ^g^^ 
\ mH/v2cos/? /i y 

can be diagonahzed by the biunitary transformation 

U;^M^;VCf, = m^^5,u , (B2) 
where U and V are unitary matrices such that are positive and < ^^+- 

APPENDIX C: NEUTRALINO MASS MATRIX 

We define N^j as the unitary matrix which makes the complex symmetric neutralino 
mass matrix diagonal with positive diagonal elements: 



NajMlpNpk = m^oSjk , (CI) 
where m^o < m^o for j < k. In the basis [ [79[] : 

ilJa = {-tl,-iZ,H\H'} , (C2) 
the complex symmetric neutralino mass matrix has the form 
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where 



( niaz \ 

niaz mz 

mz //sin 2/3 —//cos 2/3 

V -/(COS2/3 -/(sin2/3 / 



m-y = M2 sin^ 9w + Mi cos^ , 
777,5 = -^2 cos^ + Ml sin^ , 
ruaz — sin cos 9w{M2 — Mi) . 



(C3) 



(C4) 



APPENDIX D: LOOP FUNCTIONS 

In this appendix, we coUect the different loop functions in the text. 
The loop functions for triangle diagrams, entering in EDMs, 6 — > 57 and the anomalous 
magnetic moment are, 

1 



Fi{x) 



I2{x- 




1 




12(x- 




1 




2{x- 


1)3 ( 


1 




2{x- 


1)3 ( 



\x^ - + 3x + 2 + 6x In x), 
■{2x^ + - 6x + 1 - 6a;^ In x) , 
x^ - 4x + 3 + 21na;), 
a;^ — 1 — 2x In x) , 



The loop functions for box diagrams, entering in Ek, ^Mb^ and AM^^, are, 

1 J a^-8a + 4 , b'-Sb + A ^ 3 

Gla, 0) — — ab -r in a + — — -r Ino — — - 

^ ' ^ 4 \{a-b){a-iy {b-a){b-iy (a-l)(6-l) 



(Dl) 
(D2) 
(D3) 
(D4) 

(D5) 



Yi{a, b, c, d) 



a 



■hi a + 



{b — a){c — a){d — a) 
(a — c){b — c){d — c) 



{a - b){d - b){d - b) 
d^ 



{a - d){b - d){c - d) 



In 6 
In d 



and 



12(0, c, d) — vAcd 



a 



{b — a){c — a){d — a) 
c 



Ina + 



(a — c)(b — c){d — c) 



Inc + 



{a-b){c-b){d-b) 
d 



In 6 



(a-d)(b-d)(c-d) 



Ind 



(D6) 



(D7) 
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FIGURES 
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FIG. 1. Mass of the charged Higgs boson vs tan/? in the CMSSM and in the SU(5)-inspired 
MSSM. Black dots are points ahowed by the b ^ constraint while open circles fail to satisfy 
this constraint. 
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FIG. 2. Chargino-stop mass correlation in the CMSSM and in the SU(5)-inspired MSSM. Black 
dots are points allowed by the 6 — > 57 constraint while open circles fail to satisfy this constraint. 
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FIG. 3. Values of the SUSY phases allowed by the EDM constraints, and (p^-Mo correlation. 
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FIG. 4. CP asymmetry vs total width of the decay b 57. The empty circles are computed 
without any restriction on the phases. The filled black ones show the impact of the EDM's con- 
straints. 
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FIG. 5. Fit of the unitary triangle in the flavor blind MSSM framework. The filled region 
corresponds to the SM fit and the open circles show the possible deviations that can occurr in 
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FIG. 6. Plot of the SUSY contribution to versus the branching ratio of 6 ^ 57. The bands 
represent the lo" and 2a aUowed regions according to Eq. ( |3.31| ). 
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TABLES 



TABLE I. Approximate solutions of third generation squark-mass parameters and Higgs 



mass parameters, mf = QiMfo +Ci2M| +CisM]ji +Ci4Mfj2 +Ci5Mf^2 +C6iR.e(Ad(0)M*/2) 
+caRe{Au{0)M*) +C8i|^d(0)|2+ci9|^„(0)p. 







C,'9 




Cj4 






Ci7 
i 






J. /D 

tanp = 


2.5 


2 





1 








6.14 


















2 


0.43 








-0.28 


3.94 





0.18 





-0.04 






2 


0.72 








-0.14 


5.49 





0.09 





-0.02 






2 








1 





0.36 


















2 


-0.85 








0.58 


-3.05 





0.28 





-0.06 


tanp = 


: 5 


2 

^Ds 





1 








5.83 


0.01 















2 


0.49 








-0.25 


3.88 





0.25 





-0.06 






2 

"^Q3 


0.74 








-0.13 


5.30 





0.12 





-0.03 






2 








1 





0.29 


0.01 















2 


-0.76 








0.62 


-2.76 





0.37 





-0.09 


tanp = 


10 


2 

^Ds 


-0.01 


0.99 


-0.01 





5.77 


0.03 





-0.01 









2 

"^Cf3 


0.50 








-0.25 


3.91 





0.26 





-0.06 






2 

"^Q3 


0.75 








-0.12 


5.29 


0.01 


0.13 





-0.03 






2 


-0.01 


-0.01 


0.99 





0.21 


0.04 





-0.01 









2 


-0.75 








0.63 


-2.71 





0.39 





-0.09 


tan /? = 


30 




i'3 


-0.08 


0.92 


-0.08 





5.12 


0.23 





-0.06 









"^1^3 


0.50 








-0.25 


3.93 





0.26 





-0.06 






2 


0.71 


-0.04 


-0.04 


-0.12 


4.97 


0.12 


0.13 


-0.03 


-0.03 








-0.14 


-0.14 


0.86 





-0.77 


0.37 





-0.11 











-0.75 








0.63 


-2.66 





0.39 





-0.09 


tan/3 = 


40 




-0.16 


0.84 


-0.16 





4.46 


0.32 





-0.08 











0.49 








-0.25 


3.92 





0.25 





-0.06 








0.66 


-0.08 


-0.08 


-0.13 


4.63 


0.16 


0.12 


-0.04 


-0.03 








-0.30 


-0.30 


0.70 





-1.79 


0.52 





-0.17 











-0.76 








0.62 


-2.66 





0.37 





-0.09 
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TABLE II. Approximate solutions of |/xp and m^o in the CMSSM case: mf = cuMq 
+Ci2My2 + C3iAoMi/2 + Ci^A^ + Ci^. Ci5 = — in case of and — in case of m^+. 



tan/3 




Cl 




C2 




C3 




C4 


2.5 








0.51 
1.75 




3.70 
4.71 




-0.33 
-0.38 




0.08 
0.09 


5 








0.19 
1.23 




2.89 
3.30 




-0.39 
-0.39 




0.09 
0.09 


10 








0.13 

1.10 




2.74 

2.98 




-0.40 

-0.3G 




0.10 

0.08 


30 








0.12 
0.69 




2.66 
1.89 




-0.39 
-0.02 




0.09 
-0.02 


40 








0.15 
0.24 




2.66 
0.87 




-0.37 
0.15 




0.09 
-0.08 


TABLE III. Approximate solutions of \fi\'^ and m^o in the SU{5) case: m? = CjiM^Q 

+Q2M| + CisM^i + Q4M^2 + Ci5M2/2 + C6iv4d(0)Mi/2 + Ci7^„(0)Mi/2 + C8i^^(0) + Ci9^^(0) + QiO- 

Cjio = —777,2/2 in case of and — in case of m^+. 


tan/3 


Cl 




C3 


C4 


C5 




C7 




eg 


2.5 




1.01 
1.17 






0.19 
1.38 


-0.69 
-0.80 


3.70 
4.71 






-0.33 
-0.38 






0.08 
0.09 


5 




0.80 
0.82 






0.04 
1.08 


-0.64 
-0.67 


2.89 
3.30 



0.01 


-0.39 
-0.40 






0.09 
0.10 


10 




0.75 
0.75 




-0.01 


0.01 
1.01 


-0.63 
-0.64 


2.74 
2.98 



0.04 


-0.40 
-0.40 




-0.01 


0.10 
0.10 


30 




0.75 
0.60 




-0.14 



0.85 


-0.63 
-0.63 


2.66 
1.89 



0.37 


-0.39 
-0.39 




-0.11 


0.09 
0.09 


40 




0.76 
0.46 




-0.30 



0.70 


-0.62 
-0.62 


2.66 
0.87 



0.52 


-0.37 
-0.37 




-0.17 


0.09 
0.09 



39 



TABLE IV. Approximate solutions of first generation squark-mass parameters, 
mf = biiMlo + bi2Mi + 6i3M2^2 

hi bi2 hs 

m|p^ 1 6.1 

mfj^ 1 6.15 

1 6.5 

1 0.15 

1 IJ) 



TABLE V. Approximate solutions of the A-parameters as a function of the GUT-parameters 
for various tan/3. All Parameters are given by Ai = aiiA(i[Q) + aj2A„(0) + aj3Mi/2 





tan/3 = 


2.5 


tan/? = 


5 


tan/3 = 


10 


tan/3 = 


30 


tan/3 = 


40 




an 


ai2 




an 


ai2 




an ai2 




an ai2 


ai3 


an ai2 


ai3 







0.58 


-2.89 





0.63 


-2.88 


0.63 


-2.90 


0.63 


-2.92 


0.62 


-2.91 


Ad 


1 





-3.74 


1 





-3.63 


0.99 


-3.61 


0.86 


-3.42 


0.7 


-3.15 


At 





0.15 


-1.98 





0.24 


-2.09 


0.25 


-2.12 


-0.04 0.25 


-2.07 


-0.08 0.24 


-1.97 


Ab 


1 


-0.14 


-3.45 


0.99 


-0.13 


-3.36 


0.98 -0.12 


-3.33 


0.74 -0.12 


-2.93 


0.45 -0.13 


-2.41 



40 



